This paper uses time-series data from nineteen Latin American countries and the U.S. to test for income convergence using two existing definitions of convergence and a new testable definition of β-convergence. Only Dominican Republic and Paraguay were found to pair-wise converge according to the Bernard and Durlauf (1995) definition.
Introduction
One of the most important implications of neoclassical growth models is that they predict crosscountry convergence. This has originated a large literature to test the convergence hypothesis, most of it in developed economies. Some important examples that use cross-sectional data are Mankiw, Romer and Weil (1992) , Barro (1991) , Baumol (1986) and Karras (2008) . Using panel data analysis we have Quah (1993) , Islam (1995) and Chowdhury (2005) , and employing timeseries techniques we find Bernard and Durlauf (1995) , Li and Papell (1997) and Strazicich, Lee and Day (2004) . 1 Recent literature has extended convergence concepts beyond income; see for example Konya and Guisan (2008) , who investigate convergence in the Human Development Index.
As explained in Carlino and Mills (1993) , neoclassical growth models require two conditions for per-capita income convergence. These are that shocks to relative per-capita incomes be temporary (stochastic convergence), and that initially poor regions should catch up with rich regions (β-convergence). This paper uses time-series techniques to test for stochastic convergence and β-convergence in nineteen Latin American countries. To test for stochastic convergence I follow the Carlino and Mills (1993) approach that requires that shocks to income of country i relative to a group average income will be temporary. To test for β-convergence I propose a new testable definition of β-convergence that requires that long-term forecast of output of a relatively poor country equals the maximum of a given group of countries at a given time t. Additionally, I test for pair wise convergence as defined in Bernard and Durlauf (1995) , which requires that long-term forecast of output of two given countries be equal at a fixed time t.
The definitions of convergence utilized in this paper have natural time series unit root and cointegration analogs. Therefore I use Augmented Dickey Fuller (ADF) unit root tests as a starting point. However, as discussed below, ADF unit root test do not account for the possibility of having structural breaks. As showed in Perron (1989) , this leads to ADF test statistics biased towards the non rejection of a unit root process. Moreover, Lee and Strazicich (2003) explain that ADF-type endogenous break unit root test like Zivot and Andrews (1992) , Lumsdaine and Papell (1997) and Perron (1997) do not consider the possibility of breaks under the unit root null, which implies that the rejection of the null is rejection of a unit root with breaks and not necessarily the rejection of a unit root. Therefore, additional to the ADF test, I use Lee and Strazicich (2003) two-break minimum Lagrange Multiplier unit root test where the alternative hypothesis unambiguously implies trend stationary.
The main contribution of the present paper is the proposed new time series testable definition of β-convergence. This paper differs from previous literature on convergence in the sense that is the first in testing different notions of convergence focusing in Latin American countries using time series techniques with structural breaks. Maeso-Fernandez (2003) tests for β-convergence in many countries worldwide, including eleven Latin American countries in his analysis, buy our data extends for a longer period, includes nineteen Latin American countries. In addition, I test for other notions of convergence. Most of the previous literature that use a time series approach accounts for breaks using ADF-type endogenous break unit root tests. This methodology has important drawbacks. In this paper I use a recently proposed two-break min LM test.
The paper proceeds as follows. Section 2 presents the definitions of convergence used in this paper. Section 3 describes the data, while Section shows the empirical results. Finally, Section 5 concludes.
Convergence in Time Series Analysis
Three convergence definitions are explained in this section. The first two are the Bernard and Durlauf (1995) convergence in output between two countries and the second is the Carlino and Mills (1993) stochastic convergence. For the third I propose a new testable definition for βconvergence that proved to be useful for Latin American countries. Along this paper, I will refer to the Bernard and Durlauf (1995) definition of pair wise convergence as Bernard and Durlauf (1995) convergence. 2 Bernard and Durlauf (1995) convergence in output definition states that countries and converge if the long term forecast of output for both countries are equal at a fixed time :
Bernard and Durlauf (1995) Convergence
Where denotes the information set at time . This definition has a natural testable analog in the cointegration literature. If countries and converge in output, their outputs must be cointegrated with cointegration vector 1, −1 . Further, as explained in Greasley and Oxley (1997) , if − contains either a non zero mean or a unit root, then the definition above is violated. Carlino and Mills (1993) analyze per capita income of eight geographic regions in the U.S. They define a deviation series as, = − where is the log per-capita output of the region j and is the average income in the U.S. at period . Then they perform ADF tests to the deviation series. Rejection of the unit root hypothesis gives evidence of stochastic convergence.
Stochastic Convergence
An analog definition for our case also used in Strazicich, Lee and Day (2004) examines the natural logarithm of the ratio per capita real GDP for each country i relative to the group's average as follows:
where is the number of countries in the group. Then unit root tests are carried out on the deviation series , .
β-convergence
This type of convergence applies if a poor country tends to grow faster than a rich one, so the poor country tends to catch up with the rich one in terms of the level of per-capita income (Barro and Sala-i-Martin, 1995) . Most of the work that test for β-convergence uses cross country data, e.g., Barro (1991) , Baumol (1986) and Karras (2008) . Recently some convergence literature, e.g., Maeso-Fernandez (2003) , started using time-series data to test for βconvergence. Maeso-Fernandez (2003) compares various countries with respect the U.S., that acts as the leading economy. His analysis is based on how the gap between country i and the U.S. evolves over time.
In Latin American countries, however, there is no leading economy. Hence, there is no reference point for poor countries to be compared to and this complicates the typical implementation of a time-series β-convergence test. To address this issue, in this paper I define * as the maximum natural logarithm GDP per capita (GDP pp ) of the set of countries Ω at a given time t. That is:
Ψ = 5 ∈ Ω: , = * for some = 1,2, … , 3=
where Ψ is the leading group of countries. That is, the countries that at some time have the highest GDP pp of the whole group Ω. A relatively poor country is then in the complement of group Ψ. 
This definition will be satisfied if , − * is a non negative trend stationary process.
Data Description
The data used in this paper are the annual natural logarithm GDP per capita (GDP pc ) in 1970 PPP- 
Empirical Results

Stochastic Convergence within groups (no breaks)
To test for stochastic convergence within groups, I first define three groups. The first one consists in all of the nineteen countries, the second considers the ten South American countries;
Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay and Venezuela; and the third group consists on the nine Central America and Caribbean countries; Costa Rica, Dominican Republic, El Salvador, Guatemala, Haiti, Honduras, Mexico, Nicaragua, and Panama.
Following Strazicich, Lee and Day (2004) , I examine the natural logarithm of the ratio per capita real GDP for each country i relative to the group's average as described in equation (2). The results employing bivariate ADF unit root tests are reported in Table 4 in the Annex. The table   shows little evidence of stochastic convergence within groups. At 10% confidence level only five countries, Bolivia, Dominican Republic, Guatemala, Mexico and Panama are converging to its region average. When considering stochastic convergence with respect to Latin America, six countries reject the unit root at a 10% significance level.
Pair wise stochastic convergence with Structural Breaks
In this section I use Bernard and Durlauf (1995) definition of stochastic convergence as presented in equation (1) and I apply it to every possible par of countries. Ignoring the possibility of breaks will bias the analysis towards finding a unit root series, that is, towards finding less convergence. Moreover some popular unit tests with breaks like Zivot and Andrews (1992) and Lumsdaine and Papell (1997) will overestimate convergence levels since they do not consider the possibility of breaks under the null. In this section I propose employing the Lee and Strazicich (2003) minimum LM unit root test that considers two breaks and the Lee and Strazicich (1999) that considers one break. 3 The advantages of these tests, as pointed out in Strazicich, Lee and Day (2004) , are that the break points are endogenously determined from the data; the tests are not subject to spurious rejections in the presence of unit root with break(s) and that the alternative hypothesis is true and spurious rejections are absent.
The results for Model C that allows for two brakes in levels and trends are presented in Table 5 in the Annex. The maximum number of lags to correct for serial correlation is k = 8 and lags are being dropped out if they are not significantly different form zero at a 10% confidence level.
Each possible combination of T B1 and T B2 is restricted to be in the interval [0.1T, 0.9T]. When considering for structural breaks and at a 10% significance level the number of pair wise stochastic convergence is 85 of out of 171 possible pair wise relations. This number is larger than when no structural breaks are considered.
Stochastic Convergence within groups with Structural Break(s)
Following Carlino and Mills (1993) I analyze the series z i,t as defined in equation (2). The groups are the same geographical groups defined before. Its important to notice that if a country has a shock that is of the same magnitude as the average shock to the rest of the countries, this leaves the relative income unchanged. Hence, the structural breaks identified by this methodology imply country specific breaks. First, I allow for two changes in levels, which is Model A as in Perron (1989) . The estimation output for both geographical regions is reported in Table 1 . k is the number of lagged first difference terms. TBj denotes the estimated years for the break points, λj=(TBj/T) for j=1, 2. a , b , c denote the significant at 10%, 5% and 1% respectively. The approximate critical values were obtained for endogenous break from Table 2 in Lee and Strazicich (2003) .
Four of nineteen countries converge stochastically at 10% significance level and three reject the unit root null at a 5% level. More evidence of stochastic convergence is found within the Central America and Caribbean group than within South American countries. Within South America, we have only four economies converging. Argentina and Guatemala stochastically converge in both cases; Dominican Republic and Honduras converge to their regions and Colombia and Mexico to the overall Latin American average. Considering only change in levels seems too restrictive, therefore I present Model C, which allows for two structural breaks in both levels and trend. 0.41 0.71 Model C allows for two changes in levels and trend. k is the number of lagged first difference terms. TBj denotes the estimated years for the break points. a , b , c denote the significant at 10%, 5% and 1% respectively. d denotes that the break is not significant at a 10% level. The approximate critical values were obtained for endogenous break from Table 2 in Lee and Strazicich (2003) . For Model C, the critical values depend on λj=(TBj/T) for j=1, 2.
When allowing for breaks in the level and trend, we obtain even more evidence for stochastic convergence. Eight of the nineteen countries reject the unit root null at 10% significance level and three at a 5% significance level. Again, more evidence of stochastic convergence is found in Central American and Caribbean countries than in South American countries. Both structural breaks are significant in fourteen of the nineteen countries and in all of the countries we have that at least one of the breaks is significant. As explained before, only country specific shocks are accounted in this process. Therefore, common shock like the oil crisis in the seventies or the debt crisis in the eighties that most likely affected all the countries, do not appear in the analysis. However, country specific shocks like the Argentinean hyperinflation in 1988 or the high tin prices in 1973-75 period (main Bolivian export commodity) appear to be statistically significant.
For comparison purposes and to have a country of reference, I include the GDP of the U.S. in both of the geographical groups and for Model A and Model C to see whether the average of each of the groups converges with the U.S. The results reported in Tables 1 and 2 show that in none of the cases there is convergence, even considering the existence of two endogenous structural breaks. Table 2 show that in four countries; Bolivia, Paraguay, Peru and El Salvador, only one break is significant. For these countries I run a one-break minimum LM unit root test developed in Lee and Strazicich (1999) . The results are presented in Table 6 in the Annex. The results from the one-break test are consistent with the two-break test results for El Salvador and Paraguay, but for Bolivia and Peru the results are reversed. To get a more intuitive idea of the how taking into account the breaks affects convergence, I follow Strazicich, Lee and Day (2004) and superimpose the z t series obtained in equation (2) As can be observed in Figure 1 , these three series appear to be stationary when taking into account the estimated structural changes. An important feature of log-time graphs is that its slope reflects the growth of the variable. In this case each series' slope represents the difference between each country GDP per capita PPP-adjusted growth rate and the Latin American's average growth rate. For example, we have that Brasil's GDP pc systematically grew at faster rates than the average in Latin America until late in the eighties. Similar conclusions can be drawn from the other graphs.
The estimates in
β-convergence
As explained previously, β-convergence implies that poor countries tend to catch up with the rich ones in terms of the level of per-capita income. To test for β-convergence in Latin American countries we use Definition 1, which requires that relatively poor countries converge in output with a leading group of countries. When constructing the variable w t as the maximum log GDP pp for the set ( Ω ) of nineteen countries, it was found that the group of leading countries is: Table 3 . 0.000 0.000 5 Model C allows for two changes in levels and trend. k is the number of lagged first difference terms. For the test with no breaks, lag length chosen by the BIC criterion with a maximum of 8 lags. TBj denotes the estimated years for the break points. a , b , c denote the significant at 10%, 5% and 1% respectively. d denotes that the break is not significant at a 10% level. The approximate critical values were obtained for endogenous break from Table 2 in Lee and Strazicich (2003) . Ф2 is the F-stat to test γ=β=μ=0 and ττ is the t-stat to test γ=0. The Ф2 and ττ critical values are from Enders (2004) , Table B and A on the Statistical Tables respectively. * denotes the p-values with null for coefficient equal zero and alternative being negative. ** denotes the pvalues with null for coefficient equal zero and alternative being positive.
The results show that when allowing for breaks at a 10% significance level six countries converge stochastically to the constructed series w t . When restricting to the model to have no breaks only Dominican Republic converges stochastically to the w t series. Our definition of βconvergence further requires that besides stochastic convergence the process should have a non negative trend. This means that the country under analysis should not be diverging from the w t series. Additionally, we can also test is the intercept coefficient is non positive, which by construction should be. As mentioned earlier, the coefficients on the intercept and trend follow a t-distribution only if we have a stationary process, so that is when stochastic convergence exists. This is true for Dominican Republic that at a 5% significance level has a negative intercept and a positive trend. This is the only economy that satisfies our definition of β-convergence complying with the neoclassical growth model's conditions for income convergence. This implies that shocks to relative Dominican Republic's GDP pp are temporary and that as a poor country is catching up with richer economies. To see graphic intuition of the result, both y Dom.Rep.,t and w t are shown in Figure 3 . 
Conclusion
This paper tested for convergence with time-series data from nineteen Latin American countries and the U.S. as a reference country using three testable notions of convergence. The first convergence definition used follows Bernard and Durlauf (1995) and states that two countries converge in output when the long term forecast for both countries equal at a fixed time t. The second is known as stochastic convergence and follows Carlino and Mills (1993) . The third convergence definition is proposed in this paper and tests for what is known in the economic growth literature as a version of β-convergence. This requires that shocks to a given country are temporary and that a poor country is catching up with richer economies.
The empirical results showed that when testing for pair wise Bernard and Durlauf (1995) convergence only one pair of countries, Dominican Republic and Paraguay, converged from out of 171 possible options pair wise options. When compared with other studies, e.g. Greasley and Oxley (1997) and Maeso-Fernandez (2003) , this implies less Bernard and Durlauf (1995) convergence than in other regions of the world. When allowing for structural breaks in the testing for pair wise stochastic convergence, the number of converging pairs was 85 from of out of 171 possible pairs. As pointed out in Perron (1989) , this is because the ability to reject a unit root decreases when the stationary alternative is true and structural breaks are ignored. In addition, the two-break min LM unit root test utilized in the paper unambiguously implies trend stationary, overcoming some drawbacks in other convergence studies that were biased towards finding convergence. The paper also tested for stochastic convergence within groups. More evidence of stochastic convergence was found within Central American and Caribbean countries than within South American countries. This was true in all the cases, when no breaks were taken into account, when only changes in levels and with changes in levels and trend.
Moreover, when allowing for breaks in stochastic convergence with respect to Latin American average the number of converging countries increased.
One major characteristic of the Latin American countries included in this analysis is that there in no unique leading economy. This implies that there is no reference point to test β-convergence as in Maeso-Fernandez (2003 The figures reported are min t-statistics. Model C allows for two changes in levels and trend. a , b , c denote significant at 10%, 5% and 1% respectively. The approximate critical values were obtained for endogenous break from Table 2 in Lee and Strazicich (2003) . For Model C, the critical values depend on the years of the breaks. 
Central America and Caribbean Countries
El Salvador -0.095 -1.917 1 1994 0.89 Model C for one change in levels and trend. k is the number of lagged first difference terms. TB denotes the estimated year for the break point. a , b , c denote the significant at 10%, 5% and 1% respectively. The approximate critical values were obtained from Table 2 in Strazicich, Lee and Day (2004) . For Model C, the critical values depend on λ=(TB/T). 
